Sichuan pepper is a traditional and important flavoring of Chinese cuisine. It has attracted increasing interest in recent years owning to its unique taste and aroma. However, some cheap adulterants have been illegally found in Sichuan pepper powder in the market due to merchants trying to cut costs and gain an extra profit. In order to determine the compositions of Sichuan pepper powder quickly and effectively, a direct detection method using near-infrared (NIR) spectroscopy has been developed. 462 samples of adulterated Sichuan pepper powder mixed with different amounts of wheat bran, rice bran, corn flour, and rosin powder were studied. The NIR spectra data was studied using partial least squares (PLS) analysis. The method was found to be capable of predicting the compositions of adulterated Sichuan pepper powder. The determination coefficients of prediction set ( p 2 ) with the best pretreatments were 0.971 for Sichuan pepper powder, 0.948 for rice bran, 0.969 for wheat bran, 0.967 for corn flour, and 0.994 for rosin powder, respectively. The standard errors of prediction (SEP) were 2.81%, 2.38%, 3.19%, 2.46%, and 1.10%, respectively. The results showed that NIR spectroscopy with chemometrics is a rapid and nondestructive tool for the quantitative analysis of adulterated Sichuan pepper powder.
Introduction
Sichuan pepper, pericarp of Zanthoxylum bungeanum Maxim. and Zanthoxylum schinifolium Sieb. et Zucc. [1] , is one of the most important spices in many Asian dishes. Particularly in China, it is known as "one of the eight famous condiments" and is widely used in Sichuanese cuisine [2] . Thanks to the increasing popularity of Chinese cuisine in many other countries of the world, Sichuan pepper is becoming a more and more widely used condiment. Sichuan pepper is also used as a traditional Chinese herbal medicine for the treatment of vomiting, toothache, stomachache, prurigo, and abdominal pain owing to roundworm [3] [4] [5] . Researchers have found that the main chemical components of Sichuan pepper are alkaloids, alkylamides, neolignans, volatile oil, and coumarin. These compounds possess several types of biological activities such as anti-inflammatory, analgesic, antibiotic, and anthelminthic activities [6] [7] [8] .
For better seasoning and more ease of use, Sichuan pepper is usually ground into a powder before selling. However, because of the higher price of the Sichuan pepper powder, various cheaper adulterations have been added by sellers to gain illegal profits. Some of these adulterations have been found to be harmful to the human body and could result in potential health problems. Therefore, these behaviors could not only influence concerned consumers because of the potential health risks, but also affect normal market activities. Because of this background, effective and quick detection methods for adulterations are urgently needed. The commonly used adulterations have been found to be wheat bran, corn flour, rice bran, rosin powder, or traditional Chinese medicine residue [9] . The reported identification techniques of the potential adulterants are sensory recognition, microscopic recognition [9, 10] , and iodide test for starchy material identification [10] . Sensory recognition is able to distinguish the adulterations according to their color, 2 Journal of Food Quality smell, and taste, but this method depends on experience and is hard to quantify. Microscopic recognition requires sample pretreatment and has a complicated operation. The iodide test is only effective in identifying starchy adulterations. Therefore, none of the above methods can give a quick, accurate, and quantitative determination on the adulterants of Sichuan pepper powder to satisfy the practical need. Near-infrared (NIR) spectroscopy has been developed in recent years as an attractive technique for quantification of various substances in food samples because it is fast, nondestructive, and inexpensive and only needs a small amount of sample with minimum pretreatment [11, 12] . The wavelength range of NIR is between 800 nm and 2500 nm (12500∼4000 cm −1 ). The absorptions appearing in the range of 800 to 1800 nm (12500∼5500 cm −1 ) are molecular absorptions of overtone, while those in the range of 1800 to 2500 nm (5500∼4000 cm −1 ) are combination bands of fundamental vibrational transitions mainly associated with C-H, O-H, and N-H functional groups of the testing samples. NIR bands are the result of complex anharmonicity vibrational motion of these chemical bonds [13, 14] . Combined with the chemometric methods, NIR spectroscopy is becoming a powerful tool for quantitative and qualitative determination of food components [15] [16] [17] . Therefore, these tools can be easily applied to evaluate food quality and determine authenticity. Currently, NIR spectroscopy has been used to identify adulterations in puerarin powder, chocolate, and edible oils to name a few [18] [19] [20] . However, no studies have been found so far concerning the identification and authentication of Sichuan pepper by NIR spectroscopy, particularly when Sichuan pepper powder is employed. Therefore, this study combined spectroscopy with partial least squares (PLS) to identify four adulterations, that is, wheat bran, rice bran, corn flour, and rosin powder, in Sichuan pepper powder. The aim was also to establish an authentic quantitative discrimination model to provide technical support for market management of Sichuan pepper powder.
Materials and Methods

Samples.
Thirty samples of Sichuan pepper with obvious differences in origin, character, and quality were collected from different regions in China (Table 1 ). All Sichuan pepper samples were milled into powder through a high-speed universal grinder (Pulverisette 14, Fritsch Co., Idar-Oberstein, Germany, 0.5 mm standard sieve). Four adulterations (wheat bran, rice bran, corn, and rosin) were separately milled and sieved. Next, the adulterations were accurately weighed by an electronic analytical balance (FA2004A, Shanghai Jingtian Electronic Instrument Co., Ltd., Shanghai, China, precision 0.0001 g) and were added to red Sichuan pepper powder and green Sichuan pepper powder, respectively, with different proportions (1∼54 wt./wt.% and 1 wt./wt.% intervals). After mixing, 432 samples were obtained. All pure and adulterated Sichuan pepper powder samples (462 in total) were packed and numbered under the same conditions. Samples were stored at 25 ∘ C before testing. NIR measurements of all samples were performed in 12 hours.
NIR Spectroscopy Measurement.
The spectra were collected at 25 ∘ C using a MPA near-infrared spectrometer (Bruker Optik GmbH, Ettlingen, Germany) equipped with a PbS detector, an integrating sphere, and a quartz cup. 10 g samples were filled into the quartz cup and scanned directly. Diffuse reflection light detection was used and all the Journal of Food Quality 3 spectra were recorded at the resolution of 8 cm −1 , performing 32 scans for each spectrum from 3800 to 12500 cm −1 . The spectrum of each sample was taken in triplicate and the mean spectrum of each sample was calculated for further statistical analysis.
Spectral data acquisition was achieved with software OPUS7.0 (Bruker Optik GmbH, Ettlingen, Germany), installed under a Windows 7 operating system.
Chemometric and Statistical Analysis.
To reduce the dimension of the data matrix and to compress the information into a few interpretable variables, principal component analysis (PCA) was adopted as an exploratory method in this experiment. The variables are called principal components (PCs), which are linear combinations of the original variables [21] . The first three PCs (PC1, PC2, and PC3) give useful information on the score plot such that similar samples are clustered close to each other [11] .
By analyzing the relationship between the NIR wavelength information and adulterations ratios of Sichuan pepper powder, calibration models were performed by partial least squares (PLS) regression. To eliminate the baseline drift and random noise of spectral signal, three mathematical pretreatments (no mathematical processing, first derivative, and second derivative) were tested. To eliminate the impact of particle size distribution of samples caused by uneven scattering, four scattering corrections (no scattering processing, multiplicative scatter corrections (MSC), standard normal variate (SNV), and maximum/minimum normalized) were tested. The best model was selected for the proportions of Sichuan pepper powder, wheat bran, rice bran, corn flour, and rosin powder on the basis of the highest correlation coefficients and the lowest standard errors of calibration and prediction, respectively [22] .
In order to select the optimal number of factors and to avoid overfitting, cross-validation was employed [16, 17] . In this method, one sample of the calibration set was used to check the results of the calibration model, which was constructed by the remaining samples. The model was repeated until every sample had finished being validated. Calibration errors were combined in a standard error of cross-validation (SEC) of the calibration set [23] . The determination coefficient of the calibration set ( c 2 ) was considered as the best single estimate for the prediction capability of the equation [16, 17] . Once the model was obtained, external validation was performed without any samples in the calibration set. Similar to the above-mentioned method, the standard error of prediction (SEP) and the determination coefficient of external validation set ( p 2 ) reflected the prediction ability of the model [24] . Furthermore, RPD was the ratio of standard deviation of reference data in prediction set to SEP. A RPD value above 3.0 was regarded as satisfactory for screening and value above 5.0 was suitable for quality control analysis [25, 26] .
In data processing, PCA and PLS were implemented in Matlab R2015a (MathWorks, Inc., Natick, Massachusetts, USA) under Windows 10. 
Calibration Set and Prediction Set.
In this experiment, the data set was composed of 462 samples, which were divided into two parts: calibration set (347 samples) and prediction set (115 samples). The calibration set was used to build the models, while the prediction set was used for evaluating the actual predictive ability of the models [11] . To avoid bias, all the samples were arranged from high to low according to the Sichuan pepper powder content. And the calibration set and prediction set were partitioned as follows: for every four samples, three spectra were selected as the calibration set in sequence, while the remaining one was used as the prediction set. Figure 1 shows the NIR spectra of 462 samples in this study. The peak shapes and positions of all the samples' NIR spectra are relatively similar in appearance. It is difficult to identify the adulteration samples directly through the spectra. Therefore, the chemometric methods should be adopted in order to establish the detection models to identify the adulterated Sichuan pepper powder. The average spectra of wheat bran, rice bran, corn flour, rosin powder, and Sichuan pepper powder are presented in Figure 2 . There are significant differences between Sichuan pepper powder and the four adulterations in the spectra, attributed to the tremendous differences of their constituents. These spectral characteristics, therefore, provide a wealth of information to the quantitative analysis of adulterated Sichuan pepper powder.
Results and Discussion
NIR Spectra.
Principal Component Analysis.
Principal component analysis (PCA) was performed on all the spectra data in order to reveal the main features and clusters of samples [27] . The score distribution of PC1, PC2, and PC3 for adulterated Sichuan pepper powder in Figure 3 shows that there is some information, characteristic groupings, related to the varieties and content of samples [28] . With the increasing content of Sichuan pepper powder, the points corresponding to the adulterations of wheat bran, rice bran, corn flour, and rosin powder, respectively, get closer to the points of pure Sichuan pepper powder. The distribution areas of different adulterated samples are more apparent and the points with similar adulterated proportions of the same samples are closer relatively. Therefore, according to the spectral features of adulterated Sichuan pepper powder, a positive recognition of them can be done because of their differences in compositional traits.
NIR Determination of Adulterated Sichuan Pepper Powder.
The calibration process was performed with the spectra of calibration sets (347 samples) and their corresponding proportions of adulterated components. To study the effects of different spectral preprocessing on the calibration results, PLS was adopted to establish the calibration model. Firstly, in the full spectrum range (3800∼12500 cm −1 ), calibration models were established with several mathematical pretreatments and scattering corrections. Then, to evaluate the predictive ability of the calibration models, the prediction set (115 samples) was used. The calculated value of the statistical parameters of calibration and prediction set for each component of adulterated Sichuan pepper powder is shown in Table 2 .
Revealed by Table 2 , mathematical pretreatment to the calibration result was important and the differences were relatively distinct to forecast result when using different pretreatments. Based on the analysis of relative error of RPD, "MSC" was chosen as the optimal spectral pretreatment method for recognition of Sichuan pepper powder and rice bran. "First derivative + SNV" was chosen for wheat bran and corn flour, while "SNV" was chosen for rosin powder. With the best pretreatment above, the best determination coefficient of calibration set ( c 2 ) was 0.984, 0.974, 0.944, 0.982, and 0.996 for Sichuan pepper powder, wheat bran, rice bran, corn flour, and rosin powder, respectively, while the determination coefficient of prediction set ( p 2 ) was 0.971, 0.969, 0.948, 0.967, and 0.994 for the samples, respectively. Figure 4 shows the correlation of the values with respect to those predicted by NIR spectrometry for the content of adulterated Sichuan pepper powder. As calculated from Figure 4 , there is a good linear correlation and the minimum relative error (RPD) of validation is 4.38. Five models have high prediction accuracy; therefore, within the scope of the full spectra of NIR spectroscopy, the calibration model is ideal.
Conclusions
The results showed that the NIR technique combined with PLS regression analysis can be used to quantitatively identify adulterations including wheat bran, rice bran, corn flour, and rosin powder in Sichuan pepper powder nondestructively. The contents of wheat bran, rice bran, corn flour, and rosin powder in adulterated Sichuan pepper powder could be discriminated directly based on the spectra data and require no pretreatment of samples. Therefore, as a simple, quick, reliable, and nondestructive technique, NIR may be suitable for the quality detection of packaged seasoning at a low cost, particularly when robust NIR equipment is developed. Journal of Food Quality 
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